persistent asthma, the preferred treatment is to add a long-acting beta 2 -agonist to low-to-medium doses of inhaled corticosteroids. The alternative treatment is to add an LM or theophylline to inhaled corticosteroids or to double the doses of inhaled corticosteroids.
In placebo-controlled studies, LMs appear to be efficacious. [7] [8] [9] [10] However, studies comparing LMs as monotherapy with inhaled corticosteroids have shown conflicting results. 11, 12 The data are also controversial regarding the effectiveness of LMs added to existing inhaled corticosteroid regimens. At least 2 studies in adults have shown that LMs provide some clinical benefit when added to an existing inhaled corticosteroid regimen. 13, 14 However, a study by Tonelli et al., in which LMs were added to regimens of patients who were unstable on inhaled corticosteroids, short-acting beta 2 -agonists, or oral corticosteroids, showed no statistically significant impact on efficacy. 15 Other studies show that adding LMs to inhaled corticosteroids is not as effective as adding a long-acting beta 2 -agonist. [16] [17] [18] Several studies have examined the cost-effectiveness of LMs and again controversy exists. Some studies show that LMs are cost effective 19 while others studies do not.
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Purpose of Study
Because the value of LMs is controversial, this study examined the effectiveness and cost benefit of LM use compared with nonuse. Effectiveness was defined as how well a patient' s asthma was controlled. Three variables were selected as measures of asthma control: emergency rooms visits, hospitalizations, and steroid bursts. Thus, the purpose of this study was to determine the difference in risk-adjusted rates of emergency room visits, hospitalizations, and steroid bursts between asthmatic patients who used LMs and asthmatic patients who did not and to evaluate the cost benefit of LMs for these asthmatic patients.
II Methods
Study Design
This study used a retrospective cohort design to compare the outcomes of asthma patients who used LMs with the outcomes of asthma patients who did not. Selection bias was controlled through the use of propensity scores. Drug therapies during a 180-day period and outcomes during the subsequent 90-day period were examined. The "prestudy period" is the 180-day period that was used to classify a patient' s treatment group and to obtain information about variables that were used in the propensity score calculation. The subsequent 90-day period is referred to as the "outcome period." Ninety days was chosen as the optimum length of time to measure outcomes because it was not so long a period that the outcomes would not be attributable to the drug use during the prestudy period.
Data Source
This study utilized prescription, medical service, and institutional claims from the Ohio Medicaid database obtained from the Ohio Department of Jobs and Family Services for the period from October 1, 2000, through June 30, 2002 . The Ohio Medicaid fee-for-service program enrolled approximately 1.4 million recipients during this time.
Patient Selection
The study included ambulatory fee-for-service recipients who had at least 1 diagnosis for asthma at any time from January 1, 2001, to December 31, 2001 , and at least 1 pharmacy claim for an asthma medication in the 6 months prior to their asthma diagnosis. An asthma diagnosis was defined as an with asthma and chronic obstructive pulmonary disease (COPD) (ICD-9-CM 493.2x) were excluded. To further exclude patients with COPD or other respiratory diseases, patients were excluded if they had any prescriptions for inhaled (but not nasal) ipratropium, which does not have a role in asthma therapy, or if they had a diagnosis of emphysema (492.xx) or other respiratory diseases (495.xx-519.xx). Patients were also excluded if they had a diagnosis of cystic fibrosis (277.0), bronchopulmonary dysplasis (770.7), or tracheomalacia (748.3). (Figure 1) Starting on January 1, 2001, for each recipient we identified the date of the first claim (day 0) that had an asthma diagnosis. The next 180 days (days 1-179) represented the prestudy period for each Medicaid recipient. The subsequent 90 days (days 180-269) represented the outcome period. Day 0 was excluded from the prestudy period calculations because it might cause overweighting for the study period since, by definition, some kind of claim was filed on the asthma identification date.
In order to calculate dose equivalents (see next paragraph), the patient must have been continuously enrolled 90 days prior to the prestudy period and 90 days following the end of the outcome period. When tallying the number of dose equivalents a patient received during a given time, issues arise with regard to date boundaries in 3 cases: (1) A prescription may have been dispensed just prior to the beginning of a patient' s prestudy period. If we ignore this prescription altogether, we are not accounting for the portion of the medication that was taken during the prestudy period. (2) A prescription may have been dispensed a few days prior to the end of the prestudy period and the beginning of the outcome period. It would be misleading to assign the entire quantity dispensed to the patient' s prestudy period, since some of the medicine was consumed during the prestudy period and some was consumed during the patient' s outcome period. (3) A prescription may have been dispensed near the end of the outcome period; clearly, only a portion of such a prescription should be assigned to the patient' s outcome period. To deal with these situations, we developed an algorithm to allocate (or prorate) pharmacy claims across date boundaries. A 90-day window before the prestudy period and after the outcome period was chosen in order to capture prescriptions that fell close to the prespecified date boundaries. Thus, in order to qualify for the study, a patient had to be continuously enrolled 90 days prior to and 360 days after the asthma diagnosis date. If the first asthma date for a recipient did not meet these qualifications but a later asthma date did, the later date was taken as day 0. Patients without 450 days of continuous enrollment (n=18,665) were excluded from the study.
Dose Calculations
Because many individual medications are available to asthmatics and because patients may receive different drug products within a certain drug class, comparisons were made among drug classes rather than among individual drug products. Patients may have switched products because of formulary changes, physician preferences, cost, or other reasons. Therefore, for the comparisons, quantities of short-acting beta 2 -agonists, long-acting beta 2 -agonists, inhaled corticosteroids, and LMs were converted to "dose equivalents," a common unit of measure within a drug class. This allows for summation of quantities of disparate drug products within the same drug class. For each Medicaid recipient, the sum of the dose equivalents dispensed for each medication class during the prestudy period was divided by 180 to obtain average daily doses in each class.
When attempting to equate use among the inhaled products, the question arose, "Is 1 puff of a particular inhaler equivalent to 1 puff from another product?" The World Health Organization does maintain a system of defined daily doses; however, all inhaled asthma medications have not been assigned conversation factors. Therefore, we calculated conversions for each of the inhaled products. For example, each inhaled corticosteroid pharmacy claim was converted to a beclomethasone equivalent (BME) in which 1 BME equals 1 microgram of beclomethasone. To calculate the BME, the quantity dispensed was divided by the package size, yielding the number of canisters dispensed. The number of canisters was multiplied by the number of puffs per canister. The number of puffs was multiplied by the strength to calculate the total number of micrograms dispensed. Some inhaled corticosteroids are more potent than others. Fluticasone propionate is more potent than beclomethasone dipropionate (which is equal in potency to budesonide) by a ratio of 1 to 0.5. Beclomethasone dipropionate and budesonide, in turn, are more potent than triamcinolone acetonide (which is equal in potency to flunisolide) by a ratio of 0.5 to 0.25. Therefore, the total number of micrograms was multiplied by the following conversion factors: 2 for fluticasone, 1 for beclomethasone and budesonide, and 0.5 for triamcinolone and flunisolide.
For short-acting beta 2 -agonists, each prescription was converted to albuterol equivalents (AEs). One AE equals 1 puff of albuterol. The calculation of the number of AEs varied depending on the delivery system of the drug. For metered-dose inhalers, the quantity dispensed was divided by the package size to yield the number of canisters. The number of canisters was multiplied by the number of puffs per canister to obtain the total number of puffs. The number of puffs was then multiplied by a conversion factor of 2 for inhaled bitolterol because bitolterol is more potent. No other short-acting beta 2 -agonist had a conversion factor. For nebulizer solution, the quantity dispensed was multiplied by the strength. This result was then multiplied by a conversion factor to approximate the number of puffs or AEs that would be contained in the prescription. The conversion factors were as follows: 7.5 for metaproterenol, 1.25 for albuterol, 0.625 for nebulized bitolterol, and 0.16 for levalbuterol. For albuterol rotahaler, the quantity dispensed was multiplied by 2 to equal the number of puffs. For long-acting beta 2 -agonists, each prescription was converted to a number of salmeterol equivalents (SEs). One salmeterol equivalent equals 2 puffs (42 mcg) of salmeterol.
LMs were converted to an equivalent that represents the recommended dose for 1 day of therapy, i.e., 1 LM equivalent (LME) is equal to 10 mg montelukast, 40 mg zafirlukast, or 2,400 mg zileuton (1 tablet 4 times daily). Patients must have received at least 30 LMEs during the prestudy period, or more than 0.16 LMEs per day (30 LMEs/180days) to be classified as a leukotriene user.
Outcome Variables
Three outcomes (dependent variables) were measured: emergency room visits, hospitalizations, and steroid bursts. Asthma-related hospitalizations and emergency room visits were determined from institutional claims that contained an ICD-9-CM code for asthma. An emergency room visit that led to an immediate hospital admission was considered to be part of the hospitalization event and not an emergency room visit. Oral steroid bursts were used as an indicator of asthma exacerbations. An oral steroid burst was defined as a pharmacy claim for oral prednisone in the date range of 1 day before to 3 days after an office visit that has an ICD-9-CM code for asthma. Since prednisone has many uses, this time restriction increased the likelihood that the drug was being used for an asthma exacerbation. On the other hand, this definition likely underestimated the actual number of oral steroid bursts because it would not capture refill prednisone prescriptions or pharmacy claims for prednisone outside the date range around a medical office visit with an ICD-9-CM code for asthma.
Propensity Scores
Propensity scores, which control for the probability of a patient' s receiving a particular treatment based on observed baseline characteristics, were used to control for selection bias inherent in observational database research. 24 Patients with similar propensity scores have baseline characteristics that are similar enough that their probability of receiving treatment or not receiving treatment is the same. The use of propensity scores can reduce selection bias by 90%. 25, 26 Control of selection bias is important when studying asthma because asthma severity dictates drug treatment.
The propensity score calculation included variables that controlled for demographics, certain comorbidities, and drug use other than LMs. Demographics included race, age, and gender. The ICD-9-CM codes for these diseases were obtained from institutional and medical service claims. Comorbidities that may predict poor asthma outcomes were included in the propensity score model, including obesity [27] [28] [29] (ICD-9 codes 278.xx), depression 30, 31 While there are no data to confirm the validity of all of the coding for these comorbidities, especially smoking, the comorbidities were included in the propensity model in an attempt to achieve equal treatment groups. As long as the validity of coding does not vary by whether or not the patient received LMs, these codes are useful and reliable for identifying potential treatment confounders. Five different drug classes were covariates in the propensity score since drug use can be used as a predictor of disease severity in asthmatics. High dose short-acting beta 2 -agonists have been used as a marker of severity; however, high use may reflect lack of control, not severity. The dose of inhaled corticosteroids is a more valid marker of disease severity. 32 It is, in part, because of this validity in predicting asthma severity that it was necessary to equate use among inhaled corticosteroid users by calculating dose equivalents. All drug-use variables were continuous-that is, the variables did not simply indicate whether a patient had ever received an asthma drug; instead, they indicated the number of dose equivalents or the number of pharmacy claims. Dose equivalents were calculated for short-acting beta 2 -agonists, inhaled corticosteroids, and inhaled long-acting beta 2 -agonists. Prescription counts (i.e., number of pharmacy claims regardless of quantity) were ascertained for all theophylline, cromolyn, and oral long-acting beta 2 -agonists (i.e., 4 mg albuterol sulfate).
The propensity score was calculated through logistic regression, with treatment assignment as the binary response and the explanatory variables as covariates. First, a series of t tests of equality of means for continuous variables and chi-square tests of independence for categorical variables were performed to compare the initial amount of bias between the LM user and the LM nonuser group for each variable. Next, multiple logistic regression was used to calculate the propensity score for each patient. Patients were then separated into quintiles defined by their propensity score to test whether balance, i.e., no remaining statistical differences between the groups, within the quintiles had been achieved. 33 
Statistical Analysis
Descriptive statistics such as mean, standard deviation, median, and range were calculated for both independent and dependent variables. Logistic regression was used to examine the relationship between the outcome variables and the independent variable, LM use, as a binary variable. Because balance was not achieved in the propensity model for inhaled corticosteroids and short-acting beta 2 -agonists, the final model had 4 independent variables: inhaled corticosteroids, short-acting beta 2 -agonists, LM use, and the propensity probability.
Economic Evaluation
Cost-benefit analysis is an economic evaluation that compares the benefit, measured in dollars, of 2 alternative programs or
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interventions. Cost-benefit analysis usually compares program outcomes or interventions from a societal perspective; therefore, it requires the inclusion of indirect costs. The Medicaid claims database, however, contains provider payment amounts for many direct medical services received by patients, but it does not contain indirect costs. Since the perspective of this study is from that of the third-party payer, Medicaid, we performed a cost-benefit analysis using only direct medical costs.
The program costs were calculated as the difference in mean total asthma costs during the study period between the patients who received LMs and the patients who did not. All asthma drug costs, not only LM costs, were included because of the substitutive nature of drug treatment. Since if one drug is used, another drug may not be used, this offset in utilization needs to be taken into account. We also took nondrug asthma-related utilization, e.g., physician services, laboratory fees, and miscellaneous services, into account (see Table 5 ). Cost was defined as the actual amount paid by Medicaid, not the amount billed by a provider. The program benefits were the difference in mean costs for expenditures during the outcome period for the 3 clinical outcome measures: emergency room visits, hospitalizations, and steroid bursts. Costs are expressed in 2001-2002 dollars. We used the Mann-Whitney U test to compare the distribution of costs between the leukotriene users and nonusers.
II Results
Patient Selection
After all exclusion and inclusion criteria were applied, we had a cohort of 11,533 recipients aged 18 years or older. Further evaluation of the data revealed that there were 5,992 patients (52%) identified with an asthma diagnosis who did not receive any asthma medications during the 6-month study period. These patients were determined to be either extremely mild asthmatics or miscoded as asthmatic, so we excluded them from the study. This resulted in a final cohort of 5,541 asthma patients (Figure 1) .
Description of LM Use
Of the final cohort of 5,541 patients, 1,412 (25.5%) received LMs. However, 122 of the patients receiving LMs (8.6%) had use below 30 equivalents during their study period, and these patients were considered LM nonusers. Of the LM users whose use was at least 30 equivalents (n=1,290; 23.3%), the mean equivalent LM use during the 180-day study period was 112.24 (SD 53.88; range, 30-420), and the mean number of LM pharmacy claims was 3.82 (SD 1.93; range, 0.58-25.83).
Propensity Score Calculation
The first step to calculate the propensity score was to determine if there was imbalance, i.e., a statistical difference, among the covariates in the 2 treatment groups. The treatment groups were not balanced in 10 out of 20 variables (Table 1), indicating that there was selection bias. Propensity scores were calculated for each patient by logistic regression (Table 2) . After calculating the propensity scores, t tests of equality of means for continuous variables and chi-square tests of independence for categorical variables were performed for each variable within each quintile to determine whether patients were balanced within quintiles. Overall, good balance was achieved; however, short-acting beta 2 ciently balanced. Therefore, these covariates were added to the final outcome regression models.
Logistic Regression Results
The final logistic regression model was created for each outcome variable. (There were a total of 399 emergency room visits, 115 hospitalizations, and 135 steroid bursts. Unadjusted for severity of illness, LM users, compared with nonusers, experienced a greater percentage of steroid bursts (3.6% vs. 2.1%, P=0.002) but not emergency room visits (7.9% vs. 7.0%, P = 0.268) or hospitalizations (2.3% vs. 2.0%, P = 0.503). Because of the small number of patients who had multiple occurrences of an outcome (e.g., more than 1 emergency room visit), each outcome was reduced to a binary variable.
The logistic regression results for emergency room visits, hospitalizations, and steroid bursts are given in Table 3 . The use of LMs did not have a significant effect, positive or negative, on emergency room visits, hospitalizations, or steroid bursts.
Cost-Benefit Analysis
Per-patient-per-month (PPPM) provider payments during the study period and outcome period are listed in Table 4 and  Table 5 , respectively. Because LM use was not more effective than nonuse and LM use is more expensive than nonuse, a situation of dominance prevails in which it is not practical to calculate a cost-benefit ratio. For this reason, the net benefit was calculated.
Because most patients did not experience 1 of these 3 outcomes, the cost data are skewed. The median cost for all 3 outcomes is 0. Therefore, mean costs are displayed in Tables 4 and 5 ; the Mann-Whitney U test was used to compare the distributions between the 2 groups. The mean difference in the cost outcome measures was $1.63 PPPM ($34.93 vs. $33.30, P=0.019). Total direct costs during the study period were $72.06 PPPM higher in the LM user group than in the LM nonuser group ($170.60 vs. $98.54, P <0.001). Therefore, for LM users, there is an additional cost of $72.06 PPPM with no apparent cost offset. Use of LMs imposed additional costs for Ohio Medicaid.
II Discussion
In this cohort of asthmatic patients who received at least 1 asthma prescription, 23.4% of the patients used LMs. Patients who used LMs did not have significantly different cost outcomes compared with nonusers. The net cost benefit to Medicaid favored the nonuse of LMs.
This economic evaluation had a limited perspective and did not consider any potential advantage of LMs to patients and providers, such as convenience or incidence of side effects. For example, in patients who experience difficulty manipulating an inhaler, an oral tablet may be easier to use. Compliance taking LMs may be superior compared with patients using an inhaled corticosteroid or inhaled long-acting beta 2 -agonist, 34 but other studies do not confirm these results. 35 Side effects of LMs are usually mild and may include headache, dizziness, or nausea; however, there have been reports of liver failure with zafirlukast, 36 and LMs may potentially cause Churg-Strauss syndrome. 37 Side effects of inhaled corticosteroids are also usually mild and may include cough, dysphonia, or oral thrush. Since asthma is a chronic disease often requiring daily medication, the development of osteoporosis is a concern; studies, however, are inconclusive. [38] [39] [40] [41] Selection bias is always a concern in database research. It is interesting to note in the propensity score analysis that the patients using LMs had significantly higher use of all other medications except for oral short-acting beta 2 -agonists and cromolyn and had higher rates of status asthmaticus. This concurs with other cost-effectiveness research using retrospective claims analysis, which found that, at baseline, the LM users were potentially more severe asthmatics 22, [42] [43] [44] [45] although 2 studies found that the LMs were potentially used less by severe asthmatics. 46, 47 All of these studies did attempt to control for base- line differences; however, there were fewer covariates used than used in the present propensity analysis. Perhaps because of the better ability for a propensity analysis to control for selection bias, our study does not support others that found an increase in emergency room visits and hospitalizations in patients using LMs. 45, 22 Indeed, a prospective, longitudinal study of 349 asthma patients showed that patients receiving LMs had more severe asthma, which suggests that great care must be taken to control for selection bias. 48 It is interesting that a significant predictor of LM use was allergies (odds ratio [OR] 1.47; 95% CI, 1.26-1.73). The OR associated with allergy diagnosis may have been high because LMs are used in asthma patients with allergic rhinitis. 49 The value of the use of LMs in allergic rhinitis, however, is controversial. Studies have shown that LMs have a protective effect on the pulmonary function and nasal anatomy induced by natural cat exposure in asthmatic patients. 50, 51 However, a recent review article on the use of LMs in treating allergic rhinitis shows that LMs are sometimes more effective than placebo, no more effective than low-sedating antihistamines, and less effective than inhaled nasal corticosteroids in reducing the symptoms of allergic rhinitis. 52 Montelukast sodium (Singulair) was approved by the U.S. Food and Drug Administration (FDA) on December 31, 2002, for the additional indication for the relief of symptoms of seasonal allergic rhinitis in adults and pediatric patients aged 2 years and older. 53 Lakomski and Chitre found that, for the 12-month period from September 1, 2001, through August 31, 2002 , the majority of LM use in a large managed care organization was initial monotherapy, contrary to national treatment guidelines for asthma, and an estimated 25% of use was not for asthma. 54 Both this and the present study precede the date of FDA approval of montelukast for the indication of allergic rhinitis. Zafirlukast and zileuton, which were voluntarily withdrawn from the market by the manufacturer in 2003, do not have this indication for allergic rhinitis.
Limitations
Foremost among the limitations of this study was that the leukotriene users differed significantly from the leukotriene nonusers in several measures, including a higher percentage of comorbidity for allergy and status asthmaticus but a lower percentage for smoking. Leukotriene users had higher mean utilization of short-acting beta-agonists, long-acting beta 2 -agonists (both for the oral dose form and for inhalers), inhaled corticosteroids, and theophylline. This may suggest that LMs are used in more severe asthmatics as an add-on to other controller therapy but are not as widely used as solo therapy in patients with mild persistent asthma.
Second, we used oral steroid bursts as a proxy measure for an asthma exacerbation, a method we have used previously. 55 Yet, drug use can be a proxy measure of disease. For example, the chronic disease score utilizes medication use to define certain diseases. 56 The key to a good drug proxy is that its therapeutic use is narrow, e.g., insulin in diabetics, thereby increasing the likelihood that the patient does, in fact, have that condition. Unfortunately, steroid bursts have many uses. To ensure that we were not overestimating the number of bursts associated with asthma disease management, we required that the burst be dispensed 1 day before to 3 days after a physician visit that had an ICD-9-CM code for asthma. However, this definition may have underestimated the occurrence of steroid bursts because pharmacy claims would not be captured for prednisone refills or new prednisone prescriptions outside this relatively narrow date range around a medical office visit with an ICD-9-CM code for asthma.
Third, this study is also limited by the factors that impact all research with administrative claims, such as upcoding for reimbursement purposes or disease misclassification. For example, 5,992 (52%) of the patients who would otherwise have been included in this study had a diagnosis of asthma but did not receive asthma medication. These may be very mild asthma patients, patients who do not actually have asthma, or asthma patients who received prescription samples from their physician. However, if their only prescription was for an LM that was being used for allergic rhinitis or off-label for urticaria, and the diagnosis was misclassified as asthma, the results would be biased to the null hypothesis, i.e., that there is no difference in utilization or costs between the LM users and nonusers. We also did not calculate an estimate of the magnitude of this potential threat by determining the number and proportion of the 5,541 asthma patients who were identified by only 1 claim with an asthma diagnosis.
Fourth, we assumed that a filled prescription is consumed. We could not determine patient compliance with a medication or whether a patient correctly used a spacer for inhaled medications.
Fifth, while propensity score analysis has been shown to be a valid method to reduce selection bias, it can only control for known variables, not unknown variables. Also, the Medicaid database does not contain any clinical variables such as changes in FEV 1 (forced expiratory volume in 1 second) values or changes in nocturnal awakenings. A major component of this study, however, examined drug utilization, which has been shown to be very reliable in a Medicaid database. 57 Finally, this study looked at the class of LMs and not at individual drugs. The Ohio Medicaid asthma treatment guidelines do not specify one LM over another.
II Conclusion
In this study of adult Medicaid asthma patients, the use of LMs was not associated with clinical effectiveness in asthma control as measured by lower use of emergency room visits, hospitalizations, or steroid bursts. In this cohort of adult asthma patients with at least 1 asthma medication, there does not appear to be any cost offsets to the Ohio Medicaid program associated with the additional direct drug costs of LMs, and PPPM costs were 4.9% ($1.63) higher for the 3 primary outcome measures for users of LMs versus nonusers. 
